minant, chronic invasive and granulomatous invasive fungal sinusitis. Fungus balls are usually seen in individuals with normally functioning immune system. However, in conditions where immune system weakens, they can become potentially life-threatening invasive fungal infections. [5] The aim of the present study was to retrospectively evaluate clinical and imaging characteristics of the patients with paranasal sinus fungus ball.
Materials and Methods
In this study, the medical files of 9 patients who had been operated between April 2010 and November 2013 in the Adana Hospital of the Baskent University with the diagnosis of fungus balls were retrospectively analyzed. Age, gender of the patients, affected sinus, presence of a systemic disease, results of culture and histopathological analysis were recorded. Presenting complaints and physical examination findings were analyzed. Preoperatively diagnostic paranasal sinus tomograms were obtained from all patients. All patients underwent endoscopic sinus surgery. Surgical specimens were sent to the laboratory for culture and histopathological examination. Patients with fungal infection whose histopathological examination revealed allergic mucinous and granulomatous formations rich in eosinophils, which invaded surrounding tissues, were excluded from the study.
Results
Nine patients who had undergone surgical treatment with detected fungus balls were included in the study. Study population consisted of three men and six women with a mean age of 64.5 (range: 35 to 78) years. Major complaints of the patients were nasal discharge, maxillary pain and coughing. Nasal discharge was the most frequently seen physical examination finding. In all patients, an intrasinusal hyperdense heterogenous image was detected on paranasal sinus tomograms (Fig. 1) . Fungus balls were noted in the maxillary sinus in seven (77.7%) (Fig. 2 ) and sphenoid sinus in two (22.3%) patients. In one patient hepatitis B infection and in eight patients more than one systemic disease (diabetes mellitus, n=3; hypertension, n=3; chronic renal failure, n=2: asthma and allergy, n=1; tuberculosis, n=1) were detected. Only three (33.3%) patients had not any other systemic disease. All patients underwent functional endoscopic sinus surgery (FESC). During surgery, a wide antrostomy incision was made and inner side of the sinus was completely cleared of fungal material and irrigated with pressurized physiological saline. Any complication did not develop. During surgery, any additional surgical method was not required and no incident of recurrence was observed during follow-ups.
On histopathological examination, results of all patients were reported as fungus balls. In any of the specimens, eosinophilic infiltration, allergic mucin, granuloma or tissue invasion were not observed. Specimens of 6 out of 9 patients were sent for fungal culture and fungal growth (Aspergillus fumigatus, n=2 and Dematiaceous sp., n=1) was detected in only 3 specimens. The findings of all patients are summarized in Table 1 . 
Discussion
Most frequently encountered etiological pathogens of fungus ball disease are Aspergillus fumigatus and Aspergillus flavus, followed by Pseudallescheria boydii, Alternaria and other Dematiaceous species. [6] Previously, the terms aspergilloma, sinus aspergillosis and mycetoma were used to name this disease; however, nowadays the term 'fungus ball' has been used more frequently. Fungus balls are usually seen in elder patients aged 60-70 years and they are frequently encountered in women. [7] The presenting symptoms of the patients are non-specific and mimic chronic bacterial sinusitis. In the present study, the most frequently seen symptoms were postnasal discharge and maxillary pain. The diagnostic criteria for fungus balls defined by deShazo et al. are also important for the discrimination among other types of fungal sinusitis. [8] Our cases were analyzed in consixderation of these criteria.In our study as etiological agents of fungus ball, Aspergillus fumigatus and Dematiceaus sp. were identified. Mean age (64.5 years) and mostly female gender of our patients were in accordance with the literature findings.
One of the important features of fungus balls is that they generally affect only one sinus. In various studies, involvement of mostly maxillary sinus (94%) followed by sphenoid sinus (4-8%) was detected. [7] In this study, most frequently (77.7%) maxillary sinus disease was found, however fungus balls were increasingly (22.3%) detected in sphenoid sinus. Since limited number of patients were included in this study, larger-scale studies might reveal the incidence of fungus balls more precisely.
Presence of diabetes mellitus, long-term use of systemic steroids and antibiotics, radiotherapy and chemotherapy, compromised immune system or use of immunosuppressive drugs increasingly predispose paranasal sinuses to fungal infections. [9] Rarely, association of fungus balls with other diseases (diabetes mellitus, Wegener's granulomatosis, asthma, lenfoproliferative disease etc.) has been reported. This concomitancy was accepted as an incidental finding. [10] In a study, concurrence of fungus balls and diabetes was reported in 4% of the patients. [10] In the present study, diseases (including diabetes, tuberculosis, chronic renal failure and hepatitis B infection), which might adversely effect immune system of the patients, were detected in five (55.5%) patients. Diabetes was found in three (33.3%) patients. Higher rates of concomitancy of fungus balls with another disease in our study suggest that this concurrence might not be coincidental contrary to the literature findings.
In fungus ball cultures, fungal growth is not frequently observed. Fungal growth is encountered in only 24-50% of the cultures. [11] In our study, fungal growth was detected in only three (42.85%) out of seven samples sent for culture. Our rate is still consistent with the rate reported in the literature. In a publication, the authors identified isolates of aspergillus fumigatus in 93% of the cultures with fungal growth. [7] In our study, this fungal isolate was detected in 66.6% of the cultures and Dematiaceous sp. was isolated in the culture of only one patient (33.3%). As can be understood from this study, it should be kept in mind that not only Aspergillus sp. causes fungus ball infections. Therefore, despite lower probability of growth in fungal cultures, samples of all patients should be sent for fungal cultures.
Treatment of fungus ball is surgery. If sinus is completely evacuated by surgical means, recurrence is not observed. In our cases, we endoscopically enlarged ostium of the affected sinus and all intrasinusal fungal debris was cleared away. Besides, remnants left in the sinus were eliminated by pressurized irrigation of the sinuses using physiological saline
Conclusion
In conclusion, nine patients with fungus ball rhinosinusitis were examined. In all patients, the diagnosis of fungus ball rhinosinusitis was confirmed by clinical, radiological and histopathological examinations, and the verification of the disease required additional microbiological analyses in some patients. In 55.5% of the patients, a concomitant systemic disease such as chronic renal failure, diabetes, tuberculosis, hepatitis infection was detected. As a consequence of this finding, in cases presenting with a systemic disease associated with non-specific symptoms of sinusitis, the presence of a fungus ball should be considered.
